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Sensor for Oxidizing Gases 
Abstract 

[Object] To provide a sensor for oxidizing gases that 
is highly sensitive to NO x and ozone, small in reduction of 
detection precision due to hydrogen, and low in resistance. 

[Constitution] A sensor for oxidizing gases that 
contains a mixture of from 90 to 50 percent by weight of W0 3 
and from 10 to 50 percent of ln 2 0 3 as principal components. The 
addition of ln 2 0 3 causes the resistance of the sensor to decrease 
and the sensitivity to hydrogen to also decrease. 

Claims 

[Claim 1] A sensor for oxidizing gases containing a 
mixture of from 95 to 50 weight percent of W0 3 and from five 
to 50 weight percent of In 2 Q 3 as principal components. 
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Detailed Description of the Invention 
[0001] 

[Industrial Field of Application] This invention relates 
to a sensor for oxidizing gases such as NO x and ozone. 
[0002] 

[Prior Art] The present inventors have proposed a sensor 
for oxidizing gases where a heavy-gauge film or a thin-gauge 
film of W0 3 is used (Japanese Patent Laid-open No. 65,662/1992). 
This sensor detects NO x and ozone and, for example, is used 
to detect NO x in the exhaust gas of a diesel to control the 
introduction of the open air into the inside of a car. Further, 
the sensor is used to detect ozone to control a deodorizer of 
ozone or moreover to detect NO x emitted from gas burners to 
control burning . 

[ 0003 ] Subsequently, the inventors have proposed 
blending additives such as rhenium, sulfur, lead, or ruthenium 
in order to improve the long-term stability of the W0 3 sensor, 
to improve the sensitivity to NO x , or improve the speed of 
response (Japanese Patent Application No. 269764/1990 ; 
Application Date: Oct. 8, 1990). 

[0004] However, these sensors for oxidizing gases show 
very high resistance, and the values of resistance thereof 
reach close to 1 MQ in the air. Since these sensors increase 
in resistance in contact with NO x or ozone, the values of 
resistance reach about several tens of MQ in the atmosphere 
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tested. Accordingly/ the values of resistance are difficult 
just to measure. Secondly , the sensors for oxidizing gases 
where W0 3 is used hardly have any sensitivity to ethanol, 
isobutane, CO, and so forth, but show a slight sensitivity to 
hydrogen. That is, hydrogen prevents accurate sensing. The 
sensors suffer from reduction in the detection precision 
thereof because of hydrogen that coexists with NO x in the 
exhaust gas and hydrogen that is generated from an ozone 
generator together with ozone. 

[0005] In the prior art other than these, Japanese Patent 
Laid-open No. 69546/1981 has proposed adding from 40 to five 
weight percent of W0 3 to from 60 to 95 weight percent of ln 2 0 3 . 
Herein, an object of adding W0 3 is to increase the value of 
resistance of lowly sensitive ln 2 0 3 , and another object is to 
increase sensitivities to combustible gases such as isobutane 
or to increase dependence on the concentration of the 
combustible gases. Herein, the temperature of measurement is 
450°C. 

[0006] 

[Problems of the Invention] The aim of the invention is 
to provide a sensor for oxidizing gases that is (1) low in 
resistance and (2) less affected by hydrogen. 

[0007] 

[Constitution of the Invention] The sensor for oxidizing 
gases of the invention is characterized by containing a mixture 
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of from 95 to 50 weight percent of W0 3 and from five to 50 weight 
percent of ln 2 0 3 as principal components. Herein, the role of 
ln 2 0 3 consists in (1) decreasing the resistance of W0 3 and 
promoting facilitation of handling and (2) lowering the 
sensitivity to hydrogen and reducing an effect of hydrogen 
coexisting with N0 X in the exhaust gas from a diesel engine 
or ozone generated from an ozone generator. 

[0008] Reduction in the sensitivities to NO x and ozone 
due to the addition of ln 2 0 3 becomes very small when the content 
of ln 2 0 3 is 30 percent by weight (W0 3 : 70 percent) . In such case, 
the sensitivities to NO x and ozone are almost the same as those 
of the gas sensor containing no ln 2 0 3 . In 2 0 3 content of 40 
percent (W0 3 : 60 percent) reduces slightly the sensitivities 
to NO x and ozone, and ln 2 0 3 content of 50 percent reduces largely 
the sensitivities to NO x and ozone. Furthermore, ln 2 0 3 content 
of 60 percent (W0 3 : 40 weight percent) reduces markedly the 
sensitivities. On the basis of these data, compositions of 
the principal components of the sensor are to be from 95 to 
50 percent W0 3 and from five to 50 percent ln 2 0 3 , preferably 
from 90 to 55 percent W0 3 and from 10 to 4 5 percent ln 2 0 3 , more 
preferably from 80 to 55 percent W0 3 and from 20 to 45 percent 
ln 2 0 3 , and most preferably from 80 to 65 percent W0 3 and from 
20 to 35 percent ln 2 0 3 . 

[0009] WO a has low sensitivities to combustible gases, 
and only the sensitivity to hydrogen among the combustible 
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gases presents a problem. For example , the sensitivities to 
ethanol and isobutane are inherently low. The sensitivity to 
hydrogen introduces a problem because of the hydrogen 
coexisting in the exhaust gas, for example, when NO x in the 
exhaust gas of a diesel is detected to control the introduction 
of the open air into the inside of a car. A problem arises 
similarly when the concentration of ozone by an ozone generator 
is measured and controlled. The addition of ln 2 0 3 causes the 
sensitivity to hydrogen to reduce and does not cause the 
sensitivities to gases such as ethanol to increase. 

[0010] Although WO a can be used both as a heavy-gauge film 
and a thin-gauge film, the heavy-gauge film, which is high in 
resistance and upon which there is only slight effect of the 
poison build-up seen where there is low resistance, is 
preferred. For example, when the sensor is used to control 
the introduction of the open air into the inside of a car, the 
heavy-gauge film is preferred because the effect of poisons 
such as carbon built up on the sensor is then relatively small. 
However, even when the heavy-gauge film of W0 3 is used, the 
value of resistance thereof in the air (at for example, 300°C) 
reaches almost 1 Mfi. When the sensor touches oxidizing gases, 
the value of resistance of the sensor further increases, which 
makes it difficult to measure the resistance of the sensor. 
On the other hand, the addition of ln 2 0 3 causes the value of 
resistance of the sensor to reduce to about 1/10, which 
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facilitates the measurement of the value of resistance in NO x 
and ozone. In order to reduce the value of resistance , the 
weight ratio of W0 3 to ln 2 0 3 should fall in the range of from 
95:5 to 50:50 and preferably from 80:20 to 50:50. 

[0011] It is sufficient for the sensor for oxidizing 
gases of the invention to contain a mixture of W0 3 and ln 2 0 3 
as principal components, and a third component such as rhenium, 
sulfur, lead, ruthenium, and so forth can be further added 
thereto to inhibit the aging of the sensor. 

[0012] 

[Examples ] Ammonium tungstate was subjected to pyrolysis 
at a maximum temperature of 500°C for one hour to prepare W0 3 . 
Subsequently, an aqueous solution of InCl 3 was neutralized with 
aqueous ammonia, and the resulting precipitate was dried and 
baked in air at a maximum temperature of 500°C for one hour 
to prepare ln 2 0 3 . In 2 0 3 and W0 3 were mixed in specified ratios, 
pulverized in a ball mill, kneaded in organic solvent, and 
printed on alumina bases . After printing, the bases were baked 
at 7 00°C for about 30 minutes to prepare a gas sensor containing 
a mixture of W0 3 and ln 2 0 3 as principal components. Pairs of 
electrodes were printed on the respective alumina bases so that 
the values of resistance of the mixtures of W0 3 and ln 2 0 3 could 
be measured. Further, heaters were provided on the bases so 
as to be able to heat to about 300°C. The films made of the 
mixtures of W0 3 and ln 2 0 3 printed had a rectangular shape of 
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0.6 mm x 1.2 mm and a thickness of about 10 \xm. 

[0013] After baking, an aqueous solution of rhenium 
nitrate was impregnated into the films of the mixtures of W0 3 
and ln 2 0 3 . After drying, the films were subjected to heat 
treatment at 650°C for 10 minutes to put an oxide of rhenium 
over the W0 3 and ln 2 0 3 . The content of rhenium was about one 
percent in ratio of number of atoms to the total amount of 
tungsten atoms and indium atoms. Rhenium is added to inhibit 
the aging of the sensors, but need not necessarily be added. 
Sulfur, lead, ruthenium, and so forth can be used in place of 
rhenium. 

[0014] Although these sensors are of printed type and 
are heavy-gauge films, thin-gauge films of mixtures of W0 3 and 
ln 2 0 3 also can be used. The shape is arbitrary and, for example, 
the surfaces of alumina pipes are coated with the mixtures into 
films to use as heavy-gauge film-type sensors. 

[0015] The resulting gas sensors of mixtures of W0 3 and 
ln 2 0 3 were heated at 300°C for one week to eliminate drifts of 
initial characteristics, and the sensitivities to NO x , 
hydrogen, and ozone were then measured. For the measurement, 
many gas sensors having different compositions were arranged 
in a test chamber, and gases were introduced according to a 
batch system. It is difficult to measure precisely the 
concentrations of NO x and ozone, and accordingly the 
concentrations thereof are given as approximate values. In 
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order to prevent change in the concentrations of N0 X and ozone 
from exerting an effect, many gas sensors were simultaneously 
arranged in the test chamber to measure the sensitivities 
thereof at the same time. As a result , although the 
concentrations of NO x and ozone are not precise, all the sensors 
were able to touch the respective same concentrations of NO x 
and ozone to measure the values of resistance. 

[0016] In Figs 1 to 4, sensitivities to about 1 ppm of 
N0 2 , about 2 ppm of No f and 1000 ppm of hydrogen are shown. 
The measurement temperature was 300°C. In Fig. 1 
characteristics of the gas sensor containing a mixture of 7 0 
percent by weight of W0 3 and 30 percent ln 2 0 3 as principal 
components are shown, and in Fig. 2 those of the gas sensor 
containing a mixture of 60 percent W0 3 and 4 0 percent ln 2 0 3 as 
principal components are shown. In Fig. 3 characteristics of 
the gas sensor containing a mixture of 50 percent W0 3 and 5 0 
percent ln 2 0 3 as principal components are shown, and in Fig. 
4 those of the gas sensor containing no ln 2 0 3 are shown. All 
the gas sensors contain about one percent rhenium atoms 
relative to the total amount of tungsten and indium atoms. 
Rhenium is added as an inhibitor of aging and has only a small 
effect on the sensitivities or the values of resistance of the 
sensors • 

[0017] As may be seen from Figs. 1 to 4, the addition 
of ln 2 0 3 causes reduction in the values of resistance of the 
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sensors, and the values of resistance in about 2 ppm of NO 
decreases from several tens of MQ in single substance W0 3 to 
about 1 MQ- As a result, the value of resistance of the sensors 
can be measured precisely. In addition, single substance W0 3 
has the sensitivity to hydrogen as shown in Fig. 4. In the 
detection of NO x in the exhaust gas from diesels, this 
sensitivity to hydrogen causes reduction in detection 
precision due to hydrogen in the exhaust gas. In the 
measurement of the concentration of NO x in the exhaust gas from 
boilers, the sensitivity to hydrogen also introduces a problem. 
As may be seen from Figs. 1 to 3, the gas sensors to which ln 2 0 3 
is added have very low sensitivities to hydrogen, and 
accordingly the reduction in detection precision due to 
coexisting hydrogen presents no problem. Herein, all the 
sensors have very low sensitivities to ethanol, isobutane, and 
CO so that there is no effect on the detection precision. 

{0018] Table 1 shows changes of the characteristics of 
the sensors due to ln 2 0 3 . Herein, samples 1 and 7 in the table 
are of Comparative Examples , and the production conditions of 
the sensors are the same as described above, and the sensors 
are common to as those of Figs. 1 to 4 . 

[0019] 

[Table 1] 
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Sample 
No. 



TahlR 1 » Pharacteristics of WO,Zln,Q,- 

Value of 
W03/ln 2 0 3 Resistance (MQ) 
(Weight Ratio) (in NO, ppm) 



Sensitivity to N0 2 
(about 1 ppm) 



Sensitivity to NO 
(about 2 ppm) 



Sensitivity to 
Hydrogen 
(1000 ppm) 



1 
2 
3 
4 
5 
6 
7 



100/- 
90/10 
80/20 
70/30 
60/40 
50/50 
40/60 



25 
10 
5 

2.5 
1.5 
0.3 
0.1 



5 
5 
5 
5 
6 
5 
2 



44 
40 
40 
44 
30 
5 
3 



2 

1.6 
1.5 
1.1 
1.2 
1.2 
1.3 



•The sensitivities are shown as ratios to values of resistance in the air; for N0 2 , the increase in the value 
of resistance is shown as the sensitivity; and for hydrogen, decrease in the value of resistance is shown 
as the sensitivity. 

•The measurement temperature was 300°C; about one percent rhenium by atomic ratio to W-Hn is 
placed on all samples. 



[ 0020 ] As may be seen from Table 1 , the value of resistance 
decreases with the amount of ln 2 0 3 added and in the sensor of 
sample 3 containing 20 weight percent of ln 2 0 3 , the value of 
resistance in 2 ppm of NO falls below 10 MQ, sufficient for 
practical measurement. As a result, the lower limit of the 
amount of ln 2 0 3 is thought to be five percent by weight to 95 
weight percent W0 3 , preferably to be 10 to 90 percent, and more 
preferably to be 20 to 80 percent. The sensitivity to N0 2 is 
not so much affected by the amount of ln 2 0 3 added, and is almost 
constant until the amount of ln 2 0 3 added reaches 50 percent by 
weight. However, in sample 7 with 60 weight percent of ln 2 0 3 , 
the sensitivity to N0 2 decreases markedly. On the other hand, 
the sensitivity to NO is almost constant as the amount of ln 2 0 3 
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is added up through 3 0 percent, begins to decrease at 40 percent, 
and decreases rapidly at 50 percent. Accordingly, the upper 
limit of the amount of ln 2 0 3 added is thought to be 50 weight 
percent with W0 3 50 weight percent or more, preferably ln 2 0 3 
45 percent or less to W0 3 55 weight percent or more, and more 
preferably ln 2 0 3 35 weight percent or less to W0 3 65 weight 
percent or more. The sensitivity to hydrogen decreases with 
the addition of ln 2 0 3 , but is not so much affected by the amount 

of ln 2 0 3 added. 

[0021] Although characteristics of the sensors in 
measuring NO x , representative of oxidizing gases, have been 
herein shown, similar characteristics have been observed also 
as to ozone. Although the sensitivity of the sensors to ozone 
reached a maximum at about 100°C, the speed of response 
decreased gradually when the sensors were kept at 100°C all 
the time. Therefore, after the sensors were exposed to 
temperature change in a cycle of one minute and underwent heat 
cleaning at 300°C for 20 seconds, the sensors were kept at about 
100°C for 40 seconds, the characteristics thereof at the 40th 
second at 100°C were checked. The sensitivities to ozone of 
the sensors are shown in Table 1. The sensitivities of samples 
1 through 5 to 0.1 ppm of ozone were almost constant, about 
10, the sensitivity of sample 6 to 0.1 ppm of ozone was 7, and 
the sensitivity of sample 7 to the ozone was 5. 

[002 2] The temperature dependence of the sensors are as 
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follows. Although the sensitivities to NO x increased at low 
temperatures , the response decreased at low temperatures. An 
increase in working temperature caused reduction in the 
sensitivities to NO x and increase in the sensitivities to 
hydrogen. Considering the above, the most suitable operating 
temperature was from 280°C to 300°C Accordingly , the data at 
300°C are shown in Figs 1 to 4 . 
[0023] 

[Advantage of the Invention] In the sensors for oxidizing 
gases of the invention, (1) the values of resistance of the 
sensors are decreased to facilitate the measurement of the 
values of resistance, and simultaneously (2) the sensitivity 
to hydrogen is decreased to inhibit the ill effect on 
measurement precision due to hydrogen coexisting with NO x etc. 

Brief Description of the Drawings 
[Fig. 1] A characteristic diagram of the sensor for 

oxidizing gases of an example where 7 0 percent W0 3 by weight 

and 3 0 percent ln 2 0 3 are mixed as principal components. 

[Fig. 2] A characteristic diagram of the sensor for 

oxidizing gases of an example where 60 percent W0 3 and 40 percent 

ln 2 0 3 are mixed as principal components. 

[Fig. 3] A characteristic diagram of the sensor for 

oxidizing gases of an example where 50 percent W0 3 and 50 percent 

ln 2 0 3 are mixed as principal components. 
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[Fig. 4] A characteristic diagram of the sensor for 
oxidizing gases of a conventional example where W0 3 is contained 
as a principal component and no ln 2 0 3 is contained. 
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